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A Comparative Test of Integrating Wattmeters. 


The object of this thesis is to determine the 
Sbeioent accuracy of the meters tested when operated 
on loads varying from no load to 150 % load with 
voltages varying from 10 % below to 10 % above normal 
voltage, with different frequencies, and with different 
power factors; also to determine the phase relation of 


the series and pressure fluxes of each meter. 


The following apparatus was used for this test;- 


-1- Weston Voltmeter. A.C. °&.D.G0."' (0-120) 
2- Thomson Ammeters. A.C. (0-5) & (0-25). 
1- Weston Wattmeter. (10 ampere). 

3- Prequency Meters. | (25-60-125 cycles) 


1- Dynemometer. 
1l- Stop Watch. 


" 3 1- Counter. 


1- Variable Inductance. 
_ Lemp Bank. 
Two Phase Alternator. (60 cycles). 
Single Phase Alternetors.(25-60-125 cycles) 


Storage Battery. 
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On the preceding blue print is shown a scheme 
of the connections used. The leads from switch 1 are 
connected directly to one phase of a two phase alternator. 
The leads from switch 2 connect to the series posts of 
the lamp bank; the lower lead "a" connects directly to 
one side of the second phase and the upper lead of 
switch 2 connects to the other side of the second phase, 
thus giving the pressure of the second phase on the 
right hand posts of switch 3 when switch 2 is closed. 

V and F are the voltmeter and the frequency meter. 

Wis the VYeston wattmeter. Dis the dynamometer. 

Ris a non-inductive resistance in series with the 
pressure coil of the dynamometer. By means of the 
double throw switches 4 and 5 either the wattmeter or 
the dynamometer may be connected in the circuit. 

A and A represent the high and low reading ammeters, 
either of which may be connected to the line by means 

of the double throw switch 6. W' and W" are the watt 
hour meters under test. I is a variable inductance 
connected in series in one of the leads of the upper 
phase, for the purpose of adjusting the phase relation 
of the currents in these two phases. By throwing switch 
3 to the right all pressure apparatus is connected to the 
lower phase, and by throwing it to the left all pressure 
apparatus is connected to the upper phase. 


In order to obtain good results in this test it 
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was necessary that the load, the voltage and the 
frequency be maintained constant during the run. 

This was accomplished by operating the motors, to 
which the generators were attached, from a 60 cell 
storage battery. The field rheostats of both motor 
and generator were placed by the testing table to 


give convenient control of the frequency and the voltage. 


The method of procedure was as follows;- First 
all instruments to be used were calibrated by compsring 
their readings with those of the standard instruments 
of the laboratory of Armour Institute of Technology. 
The voltmeter used was made for 4.C. and D.C, and it 
was calibrated by comparing its readings directly with 
those of the standard D.C. voltmeter. In making 
this comparison two readings were made in determining 
each point of the calibration, one with the current in 
one direction and the other with the current in the 
reverse direction, the average being taken for the true 
reading, thus eliminating any effect of stray magnetic 
fields. The dynamometer, to be used in the determination 
of the ee Ee relation, was calibrated as a watt- 
meter by comparing its readings with the standard volt- 
amperes. For the calibration of the A.C. ammeters 
it was necessary to first calibrate a dynamometer as 
an ommeter by comparing its readings with those of the 
standard ammeter, direct current being used for this 


calibration, and then to calibrate the ammeters by 
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comparing their readings with those of the dynamometer, 
alternating current being used in this second calibration. 
The Weston wattmeter was calibrated by comparing its 
readings with the product of those of the calibrated 
ammeter and voltmeter. 

When an integrating meter was placed on the 
testing board and connections made as shown in the above 
scheme, the meter was first tested to ascertain if it 
were running at correct speed with full load current, 
unity power factor, normal frequency, and normal voltage. 
The number of revolutions made by the dise in about 
two minutes was counted. This number multiplied by 
the disc constant and divided by the time required to 
make this number of revolutions gives the watts recorded, 
which corresponds to the watts given by the Weston 
wattmeter if the integrating meter is running at the 
correct speed. In case the meter ran too fast or too 
slow under these normal conditions the position of the 
damping magnet was adjusted until the proper speed 
was obtained. In this manner all the meters tested 
were adjusted to record within 2% of the true watts 
when operating under normal conditions at full load. 

In cases where the disc constant was not given 
the recording train was removed and the ratio of the 
revolutions of the disc to the revolutions of the first 


dial was determined by counting the number of revolutions 
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made by an intermediate gear, usually the one that 

meshed with the gear on the spindle, to one revolution 
of the first dial, and then determining the ratio between 
this gear and the one on the spindle. From these the 
disc constant can be determined directly. 

After an accurate adjustment had been obtained 
& run was made with normal frequency, normal voltage and 
unity power factor, about seven or eight readings being 
taken as the load was varied from no load to 150 % load. 
Then like runs were made with approximately 10 % above 
and 10 % below normel voltage. 

The meter was next tested for accuracy with 
different power factors. The variable inductance I 
was disconnected from the upper phase, as shown in the 
scheme, and connected in series with the load on the 
lower phase, being placed in the lower lead of switch 2, 
which is the load side of the meters. With the | 
inductance in this particular lead we were able to vary 
the power factor without changing the voltage impressed 
upon the instruments. Readings were taken for the 
determination of the per cent accuracy with normal 
voltage, normal frequency, constant full load current 
and power factors varying from unity to about .500. 

A test was next made to determine the phase 
relation of the series and pressure fluxes. The 
connections were 2s shown in the scheme, switches 1 and 2 


being closed, switch 3 being thrown to the left and 
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switches 4 and 5 being thrown so that the Weston watt- 
meter was connected in the circuit. With the switches 
in these positions all pressure circuits are connected 
to one phase and all series circuits are connected to 
the other phase of the two phase alternator. The 
load was adjusted until the desired current was obtained 
and this currant was then maintained constant thru-out 
this particular test. The inductance I was adjusted 
until the phase difference between the currents in the 
two circuits was approximately 90 degrees, as indicated 
by the very low reading of the Weston wattmeter.and by 
the very slow movement of the disc of the integrating 
meter. Switches 4 and 5 were now thrown so as to 
connect the dynamometer in the circuit. A reading 
was mede on the dynemometer and the speed et which the 
dise was rotating was determined by noting, with a stop 
watch, the time required for = point on the disc to 
pass between two noted points on the stationary portion 
of the meter, as for example across the width of the 
damping magnet. It was not necessary to know the 
exact speed of the dise in revolutions per minute but 
simply to know the speed relative to some fixed part 

of the meter in order that the disc could be given the 
exact same speed when the flux phase relstion was 
readjusted. Two more readings were made on the 


dynamometer with this same speed end direction of 
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rotation of the disc, the inductance I being readjusted 
previous to each reading, and the watts corresponding 

to the average of these first three readings was taken 

as the true watts for this phase relation of the series 
and pressure currents. The true watts divided by the 
apparent watts gives the cosine of the angle between 
these currents. The position of the core of the 
inductance was now changed until the dise was rotating 

in the opposite direction with a speed equal to that 

at which it was revolving in the first direction. 

Three readings were taken on the dynamometer for this 
direction of rotation of the dise and the watts 
corresponding to the average of these readings wes 

taken as the true watts for this phase relation of 

the series and pressure currents, These true watts 
divided by the apparent wetts gives the cosine of the 
angle between these currents for the second position 

of the core of the inductance.coil. If it was necessary 
to reverse the connections of the dynemometer to get = 
positive reading when the inductance was adjusted so as to 
change the direction of rotation of the dise then one 

of the readings was considered positive and the other 
negative, indicating that one of the angles was less 

then 90 degrees and the other was greater than 90 degrees. 


In the meters of the induction type the phase engle from 


a quadrature reletion of the series and pressure fluxes 
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when used with a single phase current, is ecual to the 

average of the phase angles from quadrature 2s obtained 

from these two sets of readings. In the meters not of the 

induction type the phase angle between the series and 

pressure fluxes is equal to the average of the phase angles 

from quadrature obtsined from these two sets of readings. 
There is a smell error in this method of determining 

the flux phase relation due to the fact that the meters 

are compensated for friction and this compensation aids 

the movement of the dise in a forward direction and 

resists movement in a backward direction. With high 

toroue meters this error will be small and that it is 

small in this case is shown by the fact that the per 

cent accuracy of these meters with different power 

factors as calculated from this flux phase determination 

agrees very closely with that determined directly by the 

use of these different power fectors as described above. 
Tests were next made with frequencies of 25 end 

120 cycles, the connections being first made to the 25 

eycle alternator. Adjustments were made for the 

change of frequency if such adjustments were required 

and the meter was tested for correct speed with normal 

voltage, unity power factor and full load current and 

was adjusted to run at correct speed if such adjustment 

was required. An accuracy test was made with normal 


voltage and 25 cycles with loads varying from no load 
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to 150 % load. Similiarly, the apparatus was connected 
to 2 120 cycle circuit and, after all necessary adjust- 
ments hed been made, the meter was tested for accuracy 


with normal voltage and 120 cycles thru-out the same 


range of loads. 
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The Fort Wayne Integrating Wattmeter. 
Type W. No.252944. 
Volts 110. Amperes 10. Cycles 60. 


The Fort Wayne watt hour meter is of the induction 
type. An outline of the meter with circuit diagram 
is given on the preceding blue print. The series 
circuit consists of the two coils A and B, one being 
just above the dise and the other just below it. The 
pressure eipeute consists of the two coils P and P' 
wound on the yoke of the laminated magnet M, The 
moving system consists of a light shaft carrying the 
dise D which rotates between the poles of the laminated 
magnet M and between the poles of the damping magnet. 
Speed adjustment is obtained by changing the position 
of the copper bracket P by means of the Imurled nut N. 
On one leg of the laminated magnet M is wound a small 
coil C, the object of which is to increase the lag of 
the pressure flux behind its E.M.F., thus aiding in the 
production of the quadrature relation between the series 
and pressure fluxes. The phase relation of the E.M.F. 
and currents of the different circuits of this meter 
may be best explained by feference to the following 
vector diagrams, the first figure being for a non-induc- 
tive load and the second one for an inductive load. 

Let E represent the impressed E.M.F., and I the 


current in the series coil in phase with the E.M.F. 
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I' is the pressure current which, because of the self 
inductance of the pressure circuit, lags by an angle 
which is a little less than 90° behind the impressed 
E.M.F. There will be induced in the auxiliary coil C 
an E.M.F. which will lag 90° behind the pressure fhux 
which produces it. This E.M.F. will cause a current 

to flow in the coil C which will lag slightly behind 

its E.M.F. because of the self inductance of the coil. 
The current in the coil C is represented by the vector I". 
The flux F" due to the current I" is in phase with I", 
and the flux F' due to the current I' is in phase with 
Fo By properly adjusting the resistance of the 
auxiliary coil © the value of the flux F" may be made 
such that the resultant of F' and F" will be practically 
in guadrature with the series flux. The torque upon 
the disc is proportional to the product of the two fluxes 
and the sine of the angle between them, hence it is 
proportional to the product of the impressed ¥.M.F. and 
the current in the series coil when the load is non- 
inductive. If the load is inductive and the current 


lags by an angle 9 behind the impressed E.M.F., the 
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torque will be proportional to the product of the 2.M.F. 
and the series current and the sine of the angle between 
the series and pressure fluxes, or the sine of the 
angle J as given in the second vector diagram. The 
sine of the angle between these fluxes is equal to the 
cosine of 90°degrees minus this angle which is equal 

to the cosine of the angle of lag of the series current 
if the meter is correctly adjusted for a quadrature 
relation between the series and pressure fluxes with a 
non-inductive load. Hence the torque is proportional 
to the true power for all loads when the meter is 
properly adjusted as described above. 

The results of the test for the determination 
of the flux phase relation show the angle between the 
Smepien and pressure fluxesto be 91° 15.25". This 
inaccurate adjustment of the meter for quadrature will 
make an error of 4 % with a power factor of .500, as 
shown by the data calculated from this flux phase 
determination. The error as determined experimentally 
with a power factor of .508 was about 4.5 %. This 
meter gives practically the same results with normal 
voltage and with 10 % high and 10 % low voltage. 

With a load of one ampere the meter is about 18 % slow. 
With loads from 5 amperes to 15 amperes this meter gave 
good results. The Fort Wayne meter now on the market 

can not be judged by these results as the type K instead of 
the type W is now manufactured by the Fort Wayne company. 
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The Ferranti Integreting Wattmeter. 
No.222522. Volts 110. Amperes 10. Cycles 60. 


The Ferranti watt hour meter is of the induction 
type. A general outline of this meter with circuit 
diagram and sectional view of the pressure coil and 
magnet is shown on the preceding blue print. This meter 
is an English make and differs considerably in appearance 
and construction from the American make of induction 
meters. It is small and very compact. The series 
circuit of this meter consists of four small coils, 4,8, 
C, and D, wound on poles formed by slotting the iron 
yoke Y. The shunt circuit consists of a single coil, 5, 
wound in the form of a bobbin on the tubular core M, and 
which is surrounded by the semi-cylindrical magnet M', 
an extension of the core M. The magnet M' has three 
inwerdly projecting poles P, FP", and P", and the core M 
has two poles N, and N" which project radielly between 
the poles P, P', and P", as shown on the blue prints 
These projecting poles of the shunt magnet are directly 
under the slots between the poles of the series magnets 
The revolving element consists of an aluminum disc mounted 
on a light vertical spindle which rests on a jewel bearing J. 
The dise rotates in the air gap between the poles of the 
pressure and series magnets, and between the poles of the 
permanent magnet which is mounted in the back of the meter. 


The reaction of the field,due to the eddy currents induced 
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in the disc by the pressure flux, upon the series flux 
gives to the dise a torque which is propane ened to the 
product of the series flux and the pressure flux, and 

- hence to the true watts. Friction compensation on 

| light loads is effected by turning the series coils 

about the axis of rotation of the dise by means of the 
screws S' and S" , If the series magnet be displaced 

in one direction the dise will tend to revolve in the 
opposite direction and vice versa. The speed adjustment 
is obtained by raising or lowering the series magnets 

by turning the nut 4H, This varies the length of the 
air gap and hence varies the strength of the series field. 
When running at correct speed with full load the disc 
makes 40 revolutions per minute. 

The results of the test for the determination of 
the flux phase relation show the angle between the series 
and pressure fluxes to be 91° 1.5". This variation 
of 1° 1.5' from quadrature will make an error of 3/ when 
the meter is operated on a power factor of .500,as shown 
by the data calculated from this flux phase determination. 
The per cent accuracy as determined by these tests is 


practically the same for normal voltage and for 10% high 


and low voltage. With a current of one ampere the meter 
is 15% slow. This meter gave very good results with 25 
cycles, but the per cent accuracy obtained for this run 
can be considered only relatively as no adjustment was made 


when the meter was placed on the 25 cycle circuit. 


4 


xult seitee odd moqa exeLt owen omg eye 
¥ 


edt of Lsmoidtoqgorq et dotdw exsptot B onkb add 0 Bo 


bas ,xult otvasetg eft bas «ult sadane ae ag decdosa 
mo moitsaneguon noitoixt aattew ssrtd od of somos 
aftoo seizes edt gators yd betoette ak absol tight 
edd to ansen yd o8fh odd To aoitstot to size. contd ‘tah. 
_Seeslqeakb ed temgsm asties edt IL. "E bag: }@awoxns 
ony of evlover of hoes Ifiw oakh odd notteosib ono ai 
toomtestbe Beoge afl .satev oolv bac moltoorth sticoqgo 
avongent aoeiies od? gubsews to gatetst qd boatetéo ok 
edt to dtgmel oft-coitsv atd? oH dun eft gutoist ay 
-.bLoit aeitea edd to dtgnette oatd aeitsy eomed bas qeacate 
oaib oft Bsol Ifut déiw Seeqe oott0o tse goinast ocd 
-oduniat req emoldutover OS goxlem 

to noidvsmimtoteb oft tol teed odd to ativeet oT 
aeltoe oft noowted efgns ond woe noltslet casdg xult edt. 


sottcbisy aid? "Ge “L@ od of zexuft otmacowq fume 
sedw 3S to toxre ae ofem [ftw orsdsrbsop mort "a. Eto) 


mwodte 35,008. to totost tewog © m0 betstego er totem edt 


etoltcnimsteh easiq xult aidd mort Sotslvolso ated ost vd pn 
ek atast seendt yd bhomimrotebh as yosts008 tneo tog aah 

dgid <0L tot bas ogstfov Iamron sol emsee ont vleoitoom ‘ain 
totem edt exeqas eno to tmetiwo s atti = Jegstlov wot ile _, 
48 dtiw ativeet boog yrov sveg retom efAT mole: were = Nor 


ebsm sow tmomtentbs om sc Ylovivslot yLno Sowobtenos 


»tivotto oefovo GS ed? no heanta eaw te so 


Diagram of 
The Sangamo Inte grating Wotme/ser -« 


Type £™. Na. 66/51 


a— “ 


ok NST QS ‘dee * 
im 


SSS Y 


iy 


The Sangamo Integrating Wattmeter. 
Type E. No.66151. 


Volts 110. Amperes 10. Frequency any. 


This Sangamo meter is of the mercury type. On 
the preceding blue print is given 2 partial vertical 
section together with an outline of the meter. The 
moving system consists of a light shaft carrying two 
dises, D and D'. The upper disc, D.rotates between the 
poles of two permanent magnets 8s shown in the upper 
part of the diagram. § The lower dise D'. is enclosed 
_in the chamber 4 which is filled with mercury. The 
shaft and the discs are buoyed up by the mercury and 
the upper end of the shaft bears against a jewel bearing Jd. 
The two poles of the series magnet M project thru the 
casing of the mercury chamber and are close to the under 
side of the disc D'. The series circuit consists of 
the single coil 5 wound on the laminated magnet M,. 
fT is a small, low potential, step-down transformer, the 
primary of which consists of a large number of turns of 
fine wire and is connected directly to the pressure 
posts of the meter. The secondary winding consists of 
only a few-and in this case of only two turns of heavy 
wire. The smell inductance coil I and the mercury 
chamber A connected in series constitute the main circuit 
of the secondary of this trensformer. The secondary 
E.M.F. of this transformer is small but the secondary 


current is large because the inductance and resistance 
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Sangamo E 2. 


of the circuit are excéédingly small. This large 
secondary current enters one side of the mercury chamber 
A, flows across the disc D' and leaves at the opposite 
side of the mercury chember. In passing across the 
dise this current flows past the poles of the series 
megnet M snd the reaction between the series flux and 
the flux due to the secondary current produces the 
necessary torque. Friction compensation is obteined 
by means of the small coil C, which is connected thru 
the variable resistance R to the secondary terminals of 
the transformer T. 

The phase relation of the verious currents may 
be best explained by reference to the following vector 
diagrams. The first diagram disregards any lag of 
the currents or fluxes due to the effect of the coils 
and the iron in the circuits of the meter. The second 
diagram takes this into consideration. The magnetizing 
components of the currents in the transformer are so 


small that they are neglected in both cases. 
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Let E represent the E.M.F. impressed upon the primary 
of the potential transformer, and E' the secondary E.M.F. 


of this transformer. Let C be the current in the series 
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coil for 2 ion ahdunttve load. Neglecting eny effect 
due to inductance and hysteresis, the current in the 
series coil and the flux due to it will be in phase 

with the impressed E.M.F. ince the secondary cireuit 
of the transformer is non-inductive, neglecting the 
effect of the inductance coil I for the first vector 
diagram, the secondary current C' will be in phase with 
its E.M.F., or 180 degrees out of phase with the series 
current. By making proper connections to the secondary 
terminals of the transformer, the pressure current vector 
C' may be considered to be in phase with the series 
current. The torque produced in the dise will, there- 
fore, be proportional to the product of the pressure 
current and the series flux, which is proportional to 

the true watts. 

The second vector diagram takes into considera- 
tion the fact that the series flux lags slightly behind 
the current due to the hysteretic effect of the iron 
core of the series magnet. In this diagram the vectors 
E, E", and C represent the same quantities as in the 
first diagram. F represents the series flux lagging 
slightly behind the series current due to the hysteresis 
in the series magnet. The small inductance coil I, 
see blue print, gives 2 slight lag to the pressure 
current bringing it into phase opposition with the series 


flux. We now have practically the same conditions 
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as in the preceding case, the pressure current being in 
phase with the series flux when proper connections are 
made. The torque will,therefore,as in the first case, 
be proportional to the true watts. 

The results obtained in the determination of 
the flux phase relation show the angle between the 
pressure current and the series to be 53". This will 
make an error of 2.7 % with a power factor of .500. 

The error es determined experimentally with a power 
factor of .514 was between 2 % and $ %, This meter 
gives nearly the same results with normal voltage and 
with 10 % high and 10 % low voltage, except with large 
overload. The per cent error with a current of 1.5 
emperes is about 5%. With 150 % load the greatest 
accuracy was obtained with the lowest voltage. With 
10 % low voltage the meter is practically correct at 150% 
load, while with normal voltage there is an error about 
3.5 Le and with 10 % high voltage there is an error of 
about 6.5 % with this same load. Taken as a whole 
the percent accuracy of this meter is very good. It 
will operate successfully with 120 cycles but will not 
operate on 25 cycles. The per cent accuracy on 120 


cycles is not as good as on 60 cycles. 
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The Sangamo Integrating Wattmeter. 
Type F. No.76671. 
Volts 110. Amperes 5. Frequency, any. 


The type F Sangamo meter is very similar, in 
general construction, to the type E Sangamo meter but 
it it an improvement over the type = meter. The type F 
meter will be described with reference to the blue print 
given with the type E meter. In the type F meter the 
secies goil 5S is wound in two parts, one pert being on 
.each leg of the laminated magnet M. The bottom casing 
of the mereury chamber is made of an alloy having a 
high resistance instead of the fibre used in the type EI 
meter. The poles of the magnet M are close to the 
under side of this casing and hence close to the disc D'. 
The transformer T of the type F meter has a greater 
number of turns and a better magnetie circuit than thet 
of the type E meter, hence the quadrature component of the 
primary current which is very small in the type E meter, 
as compared to the power component, is made still smaller 
in the type F meter. The dise D' is stamped in the 
form of 2 cert wheel giving a slightly different path to the 
current flowing across it then in the type = meter which 
hes a plain disc. The vector diagram given with the 
type E meter applies equally well to the type F meter. 


The results of the determination of the flux 
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wangamo F 2, 


" phase relation show the angle between the series flux 
and the pressure current to be 1° 33'. This phase 
aifference will make am error of 4.5 % with a power ¢ 
factor of .500. The error as determined experimentally 
with a power factor of .570 is 3.4 %. As this error 

is positive the experimental error should be less than 
the calculated because friction tends to decrease the 
“error, The type F meter gives practically the same 


results with normal voltage and with 10 % high and 10 % 


low voltage. With a load of 1.1 amperes the error 
obtained was about 9 %, As the load is increased 


the per cent accuracy rises quickly to approximately 
100 % and remains within the allowable 2 % error up to 
150 % load. 

This meter is independent of the frequency. © 
Run # 7, with normal voltage and a frequency of 120 
cycles,was made immediately after run f 6, with normal 
‘voltage and a frequency of 25 cycles, no adjustment 
_ whatever being required for this change of frequency. 
The per cent accuracy obtained with 120 cycles is 
almost identical with that obtained with 25 eycles. 
In each case the meter was about 10 % slow with a load 
of 1.1 amperes end was practically correct on larger 


loads up to 50 % over load. 
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The General Electric Watt Hour Meter. 
No. 1506564. 
Volts 110. Amperes 1 - 10 - 20. Cycles 25 - 60. 


This meter is kmown as the Thomson high torque 
induction test meter. An outline of the meter together 
with the circuit diagram is given on the preceding blue 
print. This meter is designed particularly for testing 
purposes and in order to obtain a good per cent accuracy 
with a wide range of load it is constructed with three 
separate current coils, one for 1 ampere, one for 10 
amperes, and one for 20 amperes. Vith the use of these 
three coils we may reasonably get a good per cent accuracy 
‘on: all loads from, say, ol Eases to as high as 30 amperes. 
These coils have one common terminal D, see blue print, 
and three individual terminals, A, B, and C. They 
are wound on the two poles of the laminated magnet M. 

The pressure coil P is wound in the»form of a bobbin on 
the laminated magnet J. The moving system consists 
of a light shaft carrying a large aluminum disc which 
rotates in the air gap between the poles of the series 
and pressure megnets and between the poles of damping 
magnets. The reaction between the series field and 
the field of the eddy currents induced in the dise by 
the pressure flux produces the required torque. The 
large diameter of the disc aids in producing the high 


torque. In order to make the meter suitable for both 
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Generel Flectric 2. 


60 and 25 cycles it is provided with a small inductance 
coil I which may be connected in series in the pressure 
circuit by means of the switch S, which is operated by 
a button at the top of the meter, when it is desired to 
operate the meter with 25 cycles. 

The per cent accuracy of this meter was determined 
for the ten ampere coil only. The results of the 
determination of the phase relation of the series and 
pressure fluxes show the angle between them to be 
90° 48.5", This phase angle from quadrature will 
make an error of 2.4 % with a power factor of .5, as 
shown by the data giving the per cent accuracy as 
calculated from this flux phase determination. The 
error determined experimentally with s power factor of 
536 was 5 %, The large error obtained experimentally 
is due partly to the fact that, as the error is negative, 
all frictional effects tend to increese it; also the 
load under which the experimental error was determined 
was 50 % of that under which the calculated error was 
determined. The difference in the per cent accuracy 
of the meter between full load and 50 % load with normal 
conditions is approximately 2 % which accounts largely 
for the difference between the calculated and experimental 
error with the low power factor. Practically the 
same results were obtained with this meter with normal 
voltage and with 16 % high and 10 % low voltage. 


From 50 % load up to 150 % load the accuracy is within — 
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Sener, Electric 3. 
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the ‘ellowable 2 % error. j With a cite t of one ampere 


in the ten ampere coil the meter is approximately 15 % 
slow. This load, hoghvex. is within the range of the 
one ampere coil with which a negligible error could be 
obtained. The greatest low load error given With the 
ten empere coil with loads beyond the renge of the one 
empere coil is approximately 10 b. i ‘results i 
obtained with 25 cycles are praobieally the same as the 


60 cycle results. ' 
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The Westinghouse Watt i 
‘ , 
Type C.* No. 681372’. 


Volts 110. ahperes re Cycles 60. 


This Westinghouse meter is of the induction type. 
The blue print given on the preceding sheet shows an out- 
line of this meter with the circuit diagram. The 
rotating element consists of a light sheft carrying an 
aluminum dise which rotates vatwaet the poles of the 


¥ 


series and pressure magnets and between the poles of the » 
damping magnets. On the blue print D represents the 
disc, P is the pressure coil and 5 is\#he series coil. 
The copper bracket,B, surrounds the laminated pole, C, 

and furnishes means of adjustment for different frequencies. 
If the circuit of this bracket is opened the meter will 
be adjusted for 125 cycles, if this circuit is closed 

the meter will be adjusted for 60 eycles. The small 
brackets shown on the outer poles at m end m' provide 

for friction compensation. The adjustment for friction 
is obtained by first opening the series circuit, then 
raising these brackets, m and m* until the meter just 
starts on the pressure current only, and then lowering 

the brackets until the disc just stops. With this 
position of these brackets the torque due to the pressure 
current alone will not make the meter creep but is nearly 
sufficient to compensate for all moving friction. The 
moving system is supported on a highly polished steel 


ball between two cup-shaped jewels. 
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Westinghouse 2. 


The results of the test for the determination of 
the phase relation of the series and pressure fluxes of 
this meter show that they are only 34' from quadrature, 
and that the angle between the fluxes is 90° 34'. ‘This 
small angle from quadrature will make the meter run less 
than 2 % slow with a power factor as low as .500, as 
shown by the data calculated from this flux phase reletion. 
This meter gives practically the same per cent accuracy 
with norml voltage and with 10 % high or 10 % low voltage, 
and also with normal voltage and either 25 or 120 eycles. 
The principe error found was the slowness of the meter 
on small loads. This meter is new and previous to 
this test had not been operated since leaving the factory. ~ 
It was labeled by the manufacturers to be correct within 
2%- or - from 2 % of full load to 50 % overload. 

When first placed on the testing board it was found that 
the meter was correct within 2 % at full load and hence 
no adjustment was given it. The error of this meter 
under normal conditions with a load of one ampere, or 
20 % of full load, was found to be about 25 %, The 
data shows that there is no decrease in the per cent 
accuracy of the meter up to 50 % overload, hence we would 
say that much better results could be obtained thru-out 
the entire range of the meter if the adjustments were 
made so that the meter would register correctly, or 
perhaps one or two per cent fast at about 75 % of full 
load. 
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The Duncan Integrating Wattmeter. 


No. 61666. Volts 110. Amperes 10. 


This Duncan integrating wattmeter is an alternat- 
ing current commutator meter. An outline of the meter 
with the circuit diagram is given on the preceding blue 
print. The moving system consists of a light shaft 
carrying the damping disc D, a coreless ermature A, and 
the commutetor C. The shaft is supported by a 
hardened steel point resting on 2 cup-shaped jewel. 

S ana S' are the series coils. Ris a resistance 
coil, containing no iron, connected in series with the 
armature. B is the compensating coil, the object of 
which is to give to the armature sufficient torque to 
counteract the effect of friction. By means of the 
smell lever end contact points shown at F the number of 
ective turns of this compensating coil can be varied. 
The flux due to the series coils is practically in phase 
with that of the armature, hence the meter should be 
correct on both non-inductive and inductive loads. 

The results of the test for the determination 
of the phase relation of the series and pressure fluxes 
show the angle between them to be 59'. This will 
make an error of about 3 % with a power factor of .500, 
as shown by the data calculated from this flux phase 
determination. The error eas determined experimentally 
with a power factor of .517 was 3.5 I. This meter 


gives practically the same results with normal voltage 
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Dunean 2. 


and with 10 % high and 10 % low voltage. The per 
cent accuracy is practically the same for both 60 cycles 
and 25 cycles, there being no decrease in the accuracy 
up to 150 % load. For 120 cycles the accuracy curve 
reaches 2 maximum at about 80 % load and decreases on 
over load. With 10 % load the meter is about 20 % 


Slow on all frequencies. 
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The Duncan Integrating Wattmeter. 
No. 74520. Volts 110. Amperes 10. 


This Duncan meter is a direct current meter. 
In appearance and construction it is practicelly the 
same es the Duncan alternating current commutator meter 
described above, except that all parts are heavier in 
the direct current meter that in the alternating current 
meter. The blue print given with the Duncan meter 
No. 61666 showing the outline and circuit diagram of 
that meter applies equally to the Duncan meter No. 74520. 
In the direct current meter the resistance coil R is 
enclosed in the back of the meter, being wound in several 
sections on a thin board. The description given with 
the Duncan meter No.61666 applies to this meter also. 

This meter was tested with alternating current 
only and the following is a brief summary of the results 
obtained. The results of the test for the determina- 
tion of the flux phase reletion show the angle between 
the series and pressure fluxes to be 23.5'. This will 
make an error of only 1.1 % in the percent accuracy of 
the meter with a power factor of .500. The error as 
determined experimentally with a power factor of .517 
was about 1 % A large per cent error wes given by 
this meter on light load, this being 30 % with a load 
of 1.55 amperes at normal voltage. There is no 


decrease in the per cent accuracy of the meter up to 
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150 % load. Since the inductance of the circuits of 
this meter is very small it will be practically 
independent of the frequency. The results obtained 
with 25 cycles are practically the same as those obtained 


with 60 cycles. 
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Calibration Data for Weston Voltmeter # 5091. 


True Volts. Voltmeter Reading. 
90 89.90 
95 94.95 
97.5 97.5 

100 100.0 
102 102.05 
104 104.1 
106 106.0 
108 107.9 
110 109.8 
112 111.85 
114 113.75 
116 115.75 
118 117.85 


120 119.80 
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Calibration Data for wueen & Co's. Dynamometer # 11. 


Volts. Amperes. True Dynamometer 
Watts. Reading. 
50 aah 5 2 
Z 02 10 5 
= wo 15 tetD 
be «4 20 10.75 
Sy 5 25 13.75 
ic 6 50 16.75 
se 1) 35 19.50 
* 8 40 22.50 
a 9 45 25.50 
: 1.0 50 28.50 
" 1.2 60 54.00 
* 1.4 70 59.50 
; 1.6 80 45.50 
be 2.0 100 57.00 
My 2.4 120 68.00 
is 2.8 140 79.50 
. 5e2 160 90.75 
i 5.6 180 102.75 
z 4.0 200 111.25 
5 4.4 220 125.00 
K 4.8 240 156.50 


. 5.2 260 147.75 
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Calibration Data for Thomson «.C..mmeter # 144085. 


Dynamometer True ammeter 
Reading Amperes. Reading. 
Re 1.0 90 
4. 1.65 1.8@ 
6. 2.08 1.895 
9 2.60 2.08 
12.5 5.10 2.97 
16. 3.55 3.45 
20.5 4.03 3.91 
25. 4.45 4.31 


30. 4.90 4.74 
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Calibration Data for Thomson A.C.Ammeter # 82511. 


Dynemometer True 
Reading. Amperes ammeter 
Reading. 
8 2.45 262 
12 3.1 28 
16.5 3.6 3.3 
19 3.9 3.7 
24 4.4 4.2 
29 4.82 4.61 
36 5.35 5.1 
40 5.70 5.5 
45.5 6.05 5.88 
60 6.95 6.78 
80 8.10 8.00 
98.5 9.00 8.89 
138 10.60 10.50 
165 11.65 11.53 
189.5 12.45 _ 38.37 
214 13.30 13.20 
245 14.20 14.10 


286 15.35 15.25 
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Calibration Data for Weston Wattmeter # 466. 


Volts. Amperes True Wattmeter 
Watts Reading. 
100 1.23 123 103 
" 1.70 170 140 
" 2.88 223 200 
m 2.60 260 237 
8 3.42 342 315 
mn 3.16 378 353 
is 4.28 428 408 
t 4.58 458 440 
" 5.60 560 546 
" 6.40 640 624 
" 7.20 720 710 
ee 8.05 805 800 
" 9.03 903 897 
" 9.90 990 986 
" 11.42 yee 1140 
" 12.22 1222 1222 
Ny 13.20 1320 1318 
y 13.95 1395 1395 
" 14.75 1475 1476 
" 3 15.60 — 1560 1560 
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Fort Wayne Meter # 252944. 


Resistanee of pressure COil ....sroccceseoes OOte Ohms. 


ba Le series = eoeeseoeerpeeeeaeeen eve «034 ohms. 


Data for the determination of the phase relation of 


the series and pressure fluxes. 


Volts 110 amperes 10 apparent Watts 1100 
Direction of Dynamome ter True “Vatts Cos 9. 
Rotation of Reading. 
Dise. 
Forward -7 13.5 201228 
. -7.5 14 001272 
. -6.5 13 ~91180 
Backward 33 59 . «05640 
a 35 62 -05640 
" 36 64 - 05820 
Average cos 9 for forward rotation ...ceceseeees 201227 
ef 5) - ° vy wecccsecccecse BO” OB’ 
. cos 9 " backward ”" ecvcerceseces eO66R0 
sa 9 ss ie . TYE ERS Ree 86° 47.5! 
Phase angle from quadratuge for forward rotation 42' 
: . : 2 "backward " 3° 12.5' 


Average phase angle from quadrature ........e.e. 1° 15.25! 


Phase angle between series and pressure fluxes . 91° 15.25' 
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Fort Wayne Meter #252944. 
Ron i 1. 


Data showing the effect of change of load with unity 


power factor, normal voltage, and normal frequency. 


110 volts. 60 cycles. Temperature 76 F 
Current True Watts R T Vatts 
Recorded Recorded. 
1.25 150 3 100 108 83.2 
3.13 345 10 114.5 314 91.2 
4.85 5357 17 118.5 517 96.5 
7.85 870 28 117.2 860 98.8 
103770 1178 58 116.8 1170 99.5 
12.85 1420 46 118.0 1405 99.0 
14.80 1630 52 115.5 1620 99.5 


R is the no. of revolutions made by the dise in T seconds. 
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Fort Wayne Meter # 252944. 
Run i 2. 


Data showing the effect of change of load with unity 


power factor, normal frequency,and 91 % normal voltage. 


100 volts. 60 cyeles. Temperature 76 F. 
Current True Watts R T Watts / 
Recorded Recorded. 
1.10 110 2 86 84 76.3 
3.25 325 10 120 300 92.5 
5.90 500 16 120 480 96.0 
7.68 770 25 117.3 768 99.8 
10.50 1032 55 121 1040 100.8 
12.45 1248 41 118.3 1245 100.0 
15.50 1545 51 117.5 1565 101.3 


Ris the no. of revolutions made by the dise in T seconds. 
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Fort Wayne Meter j 252944. 
Run i ¥.? 


Data showing the effect of change of load with unity 


power factor, normal frequency, and 109 % normal voltage. 


120 volts. 60 eycles. Temperature 78 F. 

Current True Watts. R T Watts fo 

; . Recorded Recorded. 
1.28 155 3 85 127 82. 
3.40 400 12 114.5 377 94.4 
4.90 590 18 116.5 557 94.5 
7.75 925 50 119.4 905 98.0 
10.40 1244 40 118.0 1220 98.5 
12.90 1440 47 116.2 1420 98.8 
14.65 1760 56 116.8 1725 98.0 


R is the no. of revolutions made by the dise in T seconds. 
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Fort Wayne Meter # 252944. 
Run # 4. 


Data showing the effect of change of power factor 


with constant full load current, normel frequency, and 


normal voitage. 


110 volts 

Cos 9 True Watts 

1.000 1100 
-976 1075 
907 998 
-855 940 
-810 890 
745 820 
- 700 770 
622 685 
- 508 560 


10 amperes 


R 


20 
35 
54 
51 
50 
27 
25 
22 
18 


60 eycles 
bs Watts 
Recorded 

65 1110 
117 1075 
122 1000 
120 930 
123 880 
120.5 806 
119 755 
119.5 663 
121 535 


Temperature 75 F 


Recorded 
101 
100 
100.2 

99.0 
98.8 
98.4 
98.0 
96.8 
95.5 


R is the no. of revolutions made by the dise in T seconds. 


-BBOS8S | roto omys! trot 


3 4 cut 


totvost towog to sgassio to toette edt gutwods steal 


bus, ,yomoupett Isartom ,tmettve beol [Int taxtenoo diiw 


-egstHov Lumron 


Gi OY otytcroqmel soloye 0d sotogms OL etlov Off 
atta’ ? i adtdeW osgsT 9 200 
Bebtoosl Hebtoosn 
fol OLft as) Og OoL£ 000.f 
OoL Bvol VIL 8& eTor are. 
$.00L COOL SSL bys Bee roe. 
0.ee ose ost f£é oe 8es. 
8.8e 068 af Of OeS Of6. 
4.8e 308 8.08L ¥S 086 sat. 
6©.8¢e acy ers 3s OTT ooy. 
8.30 3d $.e@LL s8 80a Sa. 
3.ae 38a [sf SL 036 808. 
-abmooeoe Z at oath ot yd obsm amotéulovet to .om oft at A 


Fort Wayne Meter # 252944. 
# 5. 


Date, ealculated from the flux quadrature determination, 
showing the effect of change of power factor with constant 


full loed current, normal frecuency, and normal voltage. 


110 volts. 10 amperes. 60 cycles. 
Cos 8. True Watts. Watts Recorded. % Recorded. 
1.0000 1100 1100 100.0 

-9396 1032 1024 99.5 

- 8660 954 939 98.5 

- 7660 844 826 97.9 

-6428 708 689 97.4 

5735 631 612 97.0 


- 5000 550 530 96.3 
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Ferranti Meter # 222322. 


201.0 ohms. 
-0225 ohms. 


series ba eeereeerreeeeregovecr 


Data for the determination of the phase reletion of 


the series and 


pressure fluxes. 


Volts 110 Amperes 15.8 Apparent Watts 1738. 
Bieta of Dynamometer True Watts Cos 9 
on of Reading. 

Forward 13.5 25 0144 

.. 12.5 23 0133 

¥ 15.0 27.5 -0158 
Backward 20.5 37 0212 

¥ 20.5 57 ©0212 

he 20.0 36 - 0207 
Average cos © for forward FOCACION vo vccvccccccee 0145 

. So backward : Coen cceecesaua, sOLLOS 

° © " forward od ae casos eocese 89° 10° 

= 3! "backward " Ce eeecesecceee 88° 47! 
Phase angle from quadrature for forward rotation 50' 

” . ' ™. "backward " hee 
Average phase angle from quadrature ............ « «k wave? 


Phase angle between series 


and pressure fluxes .. 91° 1,5! 
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Perranti Meter # 222322. 
Run # 1. 


Data showing the relation between the loud and the %e 
of true watts recorded with unity power factor, normal 


frequency, and 100 % normal voltage. 


110 volts. 60 cycles. Temperature 77 F. 
Current True Watts R - Watts 

Recorded Recorded 

1.00 130 10 151 110.5 85.0 
2254 280 z0 27.5 262. 93.6 
5.95 435 32 127 422 97.0 
5.90 650 50 128 653 100.2 
8.95 985 75. 126.5 990 100.5 
11.40 1253 100 1335 1256 100.2 
13.25 3255 120 137 1462 100.0 
15.75 1740 140 137 1706 98.0 


R is the no. of revolutions made by the dise in T seconds. 


eSSSS38 i tote tdactreT 
af \ se 


Loarcom stotost owe. cias ddiw bebrece: atese ood to 
.ogutLov Icorrom ® OOL bas 1 Cours 


oat yy orogens e@aLloyo 08 | -atlov oft —_ 


= _— 
etteW ! attol ost? trons 
Hhobtooes eee 


@.0Lf 


oart 


.ebmooss T mk oelb odt qd obsm anoltimLovet to .om oft at rs 


Ferranti Meter % 222322. 


Run j 2. 


Data showing the relation between the load and the % 
of true watts wecorded with unity power factor, normal 


frequency, and 91 % normal voltage. 


Current True Watts R T Watts © 


Recorded upeariel 
1.13 125 10 146 114.4 91.4 
2.95 270 21 136 288 95.5 
5.75 578 46 132 582 100.5 
8.98 900 68 126 902 100.2 
11.43 1153 90 131 1148 97.0 
13.23 1325 100 126 1325 100.0 
15.40 1540 120 131 1530 99.5 


Ris the no. of revolutions made by the dise in T seconds. 
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Ferranti Meter # 222322. 
Run 7 $ 


Data showing the relation between the load and the % of 
true watts recorded with unity power factor, normal frequency, 


and 109 % normal voltage. 


120 volts. 60 cycles. Temperature 77 F. 
Current True Watts R T Watts } 

Recorded Recorded. 
1.15 . 140 10 135 123.8 88.5 
3.54 400 28 121 387 96.6 
5.85 700.8 50 118 707 100.8 
9.65 1160 88 127 1157 99.8 
12.50 1500 110 122.5 1500 100.0 
15.60 1880 150 136 1912 101.5 


R is the no. of revolutions made by the disc in T seconds. 
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Ferranti Meter # 222322. 
Run # 4. 


Data showing the relation between the load and the % of 
true watts recorded with unity power factor, 100 % normal 


voltage, and 25 cycles, temperature 75 F. 


Current. True Watts. R. 2. Watts 
Recorded. Recorded. 
1.10 120 7 116 101 84.3 
3.45 378 25 117 568 97.3 
5.25 574 39 117 558 97.5 
7.45 822 56 118.4 780 96.8 
9.50 1042 69 115 990 96.8 
11.60 1278 85 115 1220 97.2 
22.20 14,55 95 114 1395 95.7 
15.10 1665 109 115.3 1585 95.3 


R is the no. of revolutions made by the dise in T seconds. 
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Ferranti Meter #222322. 
Run 7 5 


Data showing the effect of change of load at normal 
voltage, unity power factor and 25 cycles. 


110 volts 25 cycles Temperature 80 F 
Current True Watts R Hy Watts 
Recorded Recorded 
1.54 169.4 12 132 152 89.25 
5.52 387.8 30 139 361 93.1 
6.88 757.5 60 136.5 7355 97.0 
9.50 1022.0 77 128 1005 98.5 
12.68 1593.0 100 124.7 1338 96.0 
15.52 1686 121 125 1617 96.0 


R is the no. of revolutions made by the dise in fT seconds. 
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Ferranti Meter # 222322. 


Run rim 


6 


Data showing the effect of change of power factor with 


constant full load, normal voltage and 60 cycles. 


110 volts. 
Cos.8 True Watts 
1.000 1110 
930 1032 
864 958 
- 750 832 
2672 745 
620 688 
2567 628 
516 573 


R 


40 
40 
54 
52 
28 
26 
24 
22 


10.1 amperes. 


65.5 


Temperature 80 F. 


Yatts 
Recorded 


1128 
1060 
985 
8435 
756 
703 
658 
582 


Recorded 
102.5 
102.5 
102.5 
101.5 
101.5 
101.7 
101.5 
101.5 


R is the no. of revolutions made by the dise in T seconds. 
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Ferranti Meter # 222322. 
7? 


Data calculated from the flux quadrature determination 
showigg the effect of change of power factor with constant 


full load, normal voltage and frequency. 


110 volts. 10 amperes. 60 cycles. 
Cos.® Watts Recorded ‘True Watts % Recorded 
1.0000 1099.78 1100 100 

9848 1079.76 1085.28 99.8 

«9597 1026.85 1033.67 99.2 

-8660 942.70 952.60 98.5 
7660 829.95 824.60 98.5 

-6428 692.00 707.00 97.9 


«5000 553.00 550.00 97.0 
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Sangemo Meter # 66151. 


Resistance of pressure COil ...cececeeeseee 204.5 ohms. 


w " 


series Hs atera ata aielohetadate at -0275 ohms. 


Data for the determination of the phase relation of 


the series and pressure fluxes. 


Yolts 110 Amperes 15.15 Apparent Vatts 1665. 
Direction of Dynamometer True Vatts Cos 8. 
Rotation of Reading. 

Dise. 

Forward “9 17 -0102 
ad co oY 20.3 0122 
a oe 1” - 0102 

Backward 37.5 6” 0415 
: 58.5 68.5 0412 
" 57.5 67 0402 


Average cos 9 for forward rotation .......e..-. 0109 


= c) : Ld i coregceccs<« OO BF’ 

“i cos © “ backward " aidie/sle cfaeieiciciee OMe 
. ) : = risiael soe cect OV) (Oe 
Phase angle from quadrature for forward rotation 37' 
s ~ " packward "” 2° 238° 
Average phase angle from quadrature ....eecese. 53' 


Phase difference between series and pressure fluxes 53! 
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Sangamo Meter 7 66151. 
Run # 1. 


Date. showing the effect of change of load with normal 


voltage, unity power factor, and normal freyuency. 


110 volts. 60 cycles. Temperature 75 F 
Current True Watts R T Watts 
Recorded Recorded. 

1.6 175 8 115 167 95.5 

3.5 - 383 18 111.8 587 101. 

5.0 553 26 111.8 558 LOL. 

7.8 865 40 110 873 101. 
10.4 1147 53 432 1146 99.5 
12.8 1410 64 111.4 1380 98. 
15.2 1680 75 aii 1620 96.4 


R is the no. of revolutions made by the disc in T seconds. 
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Sangamo Meter 7 66151. 
Run 7 2 


Data showing the effect of change of load with unity 


power factor,normal freyuency, and 109 % voltage. 


120 volts 60 cycles Temperature 75 F 
Current True Watts R T Vatts 
Recorded Recorded. 
1.35 155 7 114.3 147 94.8 
3.4 3578 18 113.2 581 100.8 
4.9 588 28 113.5 593 100.8 
7.55 910° 43 111.6 925 101.6 
10.00 1210 55 110.2 1200 99.4 
13.20 1590 70 109.8 1550 96.2 
15.20 1840 79 110.4 1720 95.4 


R is the no. of revolutions made by the dise in T seconds. 
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Sangamo Meter i 66151. 
Run i 3 


Data showing the effect of change of load with unity 


power factor, normal frecuency, and 91 % normal voltage. 


Current 


1.45 
3.55 
5.50 
7.75 
9.90 
12.50 
14.50 


400 volts. 


True Watts 


150 
555 
560 
780 
998 
1255 
1470 


60 cycles. 

R T 

6 103 
16 114.8 
27 113.3 
37 412.5 
47 111.3 
57 110.0 
66 110.0 


Temperature 75 F 


Watts 


Recorded 


140 
555 
572 
790 
1012 
1245 
1440 


Recorded. 


96.5 
100.0 
102.0 
101.3 
101.3 

99.3 

98.0 


R is the mo. of revolutions made the dise in T seconds. 
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Sangamo Meter # 66151. 
Run i 4. 


Data showing the effect of change of power factor with 


constant full load, normal voltage and 60 cycles. 


110 volts. 10.1 amperes Temperature 80 F, 
Cos.@ True Watts RB 2 Watts je 
Recored Recérded 
1.000 1147 53 111 1146 99.5 
092 1020 27 63 1029 101.0 
28635 958 25 62 970 101.0 
2855 950 25 64 938 99.0 
2 783 870 22 61 866 99.7 
2 703 780 24 74 778 99.7 
0653 725 19 65.5 718 99.6 
0594 660 18 66 655 ° 99.3 
0514 588 15 62 581 98.8 


R is the no. of revolutions made by the disc in T seconds. 
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Sangamo Meter 7 66151. 
# 5. 


Data,caleulated from the flux phase determination, 
showing the effect of change of power factor with 
constant full load current, normal frequency,and 


normal voltage. 


Volts 110 Amperes 10 Cycles 60. 

Cos 9 Watts Reeorded. True Watts. % Recorded. 

1.000 1100 1100 100 
984 1080 1083 99.7 
940 1028 1033 99.4 
866 (944 954 99.0 
«766 832 843 98.7 
2643 695 707 98.3 
-500 535 550 97.3 
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Sangamo Meter 7 66151. 


Run # 6. 


Data showing the effect of change of load with unity 


power factor, normal voltage, and normal @requency. 


110 volts. 120 eycles. Temperature 70 F. 
Current True Watts Rk. oo Watts % 
Recorded. Recorded. 
1.20 132 5 106 113 85.7 
2.55 280 12 113 255 91.0 
3.85 425 19 112 408 96.0 
5.10 560 30 126 572 102.0 
7.20 845 39 111 844 99.9 
12.20 1345 57 105 1805 97.0 
15.00 1640 68. 104.2 1565 95.4 


R is the no. of revolutions made by the dise in 7 seconds. 
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Sangamo Meter # 76671. 


Resistance of pressure COil] ...cccecccceeves S17. Ohms. 


= bs series ¥ eeeeerenneerrees 04 ohms. 


Data for the determination of the phase relation of 


the series and pressure fluxes. 


Volts 110 Amperes 5 Apperent Watts 550. 
Direction of Dynamometer True Vatts Cos 9. 
Rotation of Reading. 

Dise. 
Forward 14 26 20473 
Me 14 26 0473 
= 14 26 0473 
Backwerd 1 . 2.8 -0051 
be 1 2.8 0051 
: 2 5.0 0091 
Average cos © for forward rotation .c.ccerccees 00473 
a 8 * : be! svsecisvmende OF Le" 
Z cos® " backward " Geccaceseess sO064 
" 8 Z - by Ce rcecccncce 89° 38' 


Phase angle from quadrature for forward rotation 2° 43' 
" = = = " pbaekward ad an* 


Averege phase angle from yuadrature ..e.ee.eseee. 1°33" 


Phase difference between series and pressure fluxes 1° 33' 
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Sengamo Meter # 76671. 
Runj 1. 


Data showing the reletion between the load and the % of 
true watts recorded with unity power factor, normal frequency, 


and normal voltage. 


é 


110 volts. 60 eycles. Temperature 76 F. 
Current. True Watts. R T Watts 

Recorded. Recorded. 
3.1 120 5 82.5 109 91.8 
1.78 195 11 105.3 188 96.4 
2.58 2x75 16 105.3 274 99.7 
3.00 330 19 102.8 333 100.8 
5.85 422 28 118.0 427.5 101.0 
4.80 528 30 100.4 538 101.7 
5.65 622 37 106.3 625 100.5 
7.40 812 47 104.3 810 99.8 


R is the no. of revolutions made by the dise in T seconds. 
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Sangamo Meter 7 76671. 
Run i 2 


Data showing the relation between the load and the % 
of true watts recorded with unity power factor, normal 


frequency, and 91% of normal voltage. 


100 volts. 60 eycles. Temperature 76 F 
Current. True Watts R T Watts qo 

Recorded Recorded. 
1.1 115 6 105.5 102.5 89.0 
2.25 225 13 lll. 211 93.6 
3.15 317 19 108. 316 99.7 
4.15 415 25 108. 416 100.2 
5.18 518 31 106.2 525 101 2 
6.25 626 36 108.5 626 100.0 
7.50 752 45 107.6 752 100.0 


Ris the no. of revolutions made by the dise in T seconds. 
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Sangamo Meter # 76671. 
Run j 3. 


Data showing the relation between the load end the % 
of true watts recorded, unity power factor, normal frequency, 


and 109 % normal voltage. 


120 volts. 60 eyeles. Temperature 76 F. 
Current. True Watts R T Watts 
Recorded Recorded. 

1.12 135 7 102 .5 123 91: 
2.05 247 14 | 107.2 235 95.2 
2.85 3540 20 106.2 338 99.5 
5.65 433 26 107.5 435 100.5 
4.52 544 32 105.2 547 100.7 
5.50 660 38 104.0 658 99.75 
6.40 770 45 — 106.0 765 99.4 
7.40 888 51 105.0 875 98.5 


R is the no. of revolutions made by the dise in T seconds. 
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Sangamo Meter # 76671. 
Run i 4. 


Data showing the effect of change of power factor 
with constant full load current, normal voltage, and 


normal frequency. 


110 volts. 60 eyeles. 5 amperes. Temperature 76 F. 
~Cos.®@. True Watts. R. ?. Watts % 
Recorded. Recorded. 

1.9000 550 32 103. 560 161.5 
.928 510 30 104.2 518 101.5 
+850 468 28 105.5 478 102.2 

763 — 420 27 111.5 436 103.7 
-695 382 25 114. 395 103.4 

-570 313 23 128. 324 103.4 


R is the no. of revolutions made by the dise in T seconds. 
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Sangamo Meter j/* 76671. 
f 6. 


Data,caleulated from the flux phase determination, 
showing the effect of change of power factor with 
normal frequency, normal voltage, and constant full 


load current. 


Volts 110 Amperes 5. Cyeles 60. 

Cos 9 True Watts Watts Recorded % Recorded. 
1.0000 550 550 100.0 

- 9848 542 544 100.5 
9400 517 522 100.8 

- 8660 477 483 101.2 

- 7660 422 431 102.0 
264350 554 364.5 103.0 


«5000 275 287.5 104.5 
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Sangamo Meter # 76671. 
Run # 6 


Data showing the effect of chenge of load with unity 


power factor, normal voltage ,and normal frequency. 


110 volts. 25 cycles. Temperature 70 F, 
Current. True Watts. R. ?. Watts % 
Recorded. Recorded. 
1.16 128 7 110.2 114 89.2 
1.55 170 10 114.0 158 93.0 
2.50 275 1? 113.0 271 98.5 
5.50 383 26 122.0 384 100.2 
4.50 495 32 116.0 497 100.3 
5,80 640 41 114.5 645 100.6 
7.30 *805 53 119.5 800 99.4 


R is the no. of revolutions made by the dise in 7 seconds. 
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Sangamo Meter 7 76671. 


Run 7 7. 


Data showing the effect of change of load with unity 


power factor, normal voltage, and normal frequency. 


110 volts. 120 cycles. Temperature 70 F. 
Current True Watts R. T. Watts I 
Recorded. Recotded. 

2 WT 120 6 100.5 107.5 89.7 
1.55 170 10 114 158 93.0 
2.50 277 16 106 272 98.3 
3.40 375 22 106 374 99.8 
4.45 — 490 24 87 495 101.0- 
4.95 545 36 119 545 100.0 


7.85 795 40 91 792 99.6 


R is the no. of revolutions made by the dise in 7 seconds. 
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General Electric Meter #7 1506564. 


Resistance of 60 eycle pressure coil ........ 679.5 ohms. 
5 arn ee " . reirion c Leese oS. ey 
w "10 ampere series coil ........ -027 ohms. 


Data for the determination of the phase relation of 


the series and pressure fluxes. 


Volts 110. amperes 10. apparent Watts 1100. 
Diréction of Dynamometer True Watts. Cos 9. 
Rotation of Reading. 

Dise. 

Forwerd =19 34, 0309 
Backward +2 4.5 0041 
Forward ~-21 38 0545 
Backward +2 4.5 0041 
Forward -18.5 53 0300 
Backward #2 4.5 0041 


average cos 9 for forward rotation .....--seeccee -0518 


Me 9 . e = AT Cre »- 98" 10! 
be cos 8 " backward " arelviaiieis ateiniafate! on OMe 
” - , = ™ cielers-srelelaigiste'= «+My ere 
Phase angle from cuadrature for forward rotation 13' 
= ne * Ms " backward ” 1° 50! 
Averege phase angle from quadrature .....sievesoe 48.5' 


Phase difference between series and pressure fluxes 90°48.5' 
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General Electric Meter # 1506564. 
Run 7 l. 


Data showing the effect of change of load with unity 


power factor, 100 % normal voltage, and normal frequency. 


110 volts. 60 cycles. Temperature 735 F. 
Vatts Watt hours bs True vd 
Recorded. Watt hours Recorded 
120 3 106.5 5.54 85. 
325 10 116.0 10.46 95.8 
545 20 154.5 20.35 98.4 
825 27 119.0 27.25 99.0 
1050 35 120.0 35.00 100.0 
1279 45 127.0 45.00 100.0 
1440 45 114.0 45.70 98.7 


Tf is the time in seconds. 
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General Electric Meter # 1506564. 


Run 7 28. 


Data showing the effect of change of load with unity 


power factor, normal frequency, and 109 % normal voltage. 


120 volts.. 60 cyeles. Temperature 73 F. 
Watts Watt hours ft True % 

Recorded. Watt hours Recorded. 
145 4 116 4.67 85.7 
533 11 125 11.40 97.0 
602 19 113 18.90 100.5 
885 28 114 27.7 100.2 
1203 58 113.7 58.00 100.0 
1523 47 112.5 47.60 99.0 
1800 54 111.4 55.70 99.0 


fT is the duration of each run in seconds. 
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General Electric Meter ~ 1506564. 
Run # 3. 


Data showing the relation between the load and the % of 
true watt hours recorded with varying load ,normal frequency, 


unity power factor, and 91 % normal voltage. 


100 volts. 60 cycles. Yemperature 73 F. 
Watts Vatt hours f True % 

Recorded Watt hours. Recorded. 
105 is 126.5 3.69 81.4 
550 10 116.0 11.3 88.5 
490 16 119.0 16.2 98.8 
773 26 121.0 26.0 100.0 
990 32 114.3 31.4 101.8 
1145 36 113.3 36.0 100.0 
1370 42 111.7 42.2 99.8 
1560 50 116.0 50.4 99.3 


T is the time in seconds. 
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General Electric Meter # 1506564. 


Run 7 4. 


Data showing the relation between the load and the % 
of true watts recorded with normal fre uency, unity power 


factor, and 100 % normal voltage. 


110 volts. 25 eyeles Temperature 73 F. 
Watts Yatt hours Ay True % 
Recorded. Vatt hours Recorded. 

120 5 104.0 53.46 86.8 
5355 9 101.0 9.4 95.8 
545 19 128.0 19.4 98.0 
833 25 109.0 25.2 99.3 
1050 50 104.0 50.4 98.8 
1285 43 122.0 45.5 98.8 
1460 47 117.5 47.8 98.4 
1675 47 104.0 48.4 97.2 


tT is the time in seconds. 
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General Electric Meter # 1506564. 


Run j 5 


Date showing the effect of change of power factor 
with constant full load current, normal frequency, and 


normal voltage. 


110 volts. 10 amperes, 60 eycles Temperature 75 FP. 
Cos 8 Watt hours t True 6 
Recorded. Watt hours Recorded. 

1.000 35 114.5 35 100 
981 37 Zé 37.2 99.5 
855 355 136 55.5 98.6 
781 30 127 30.4 98.5 
691 25 120 25.4 98.4 
622 24 129.5 24.62 97.3 
- 556 20 129 21.1 95.0 


fT is the duration of each run in seconds. 
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General Electric Meter #1506564. 
#6. 


Data, calculated from the flux quadrature determination, 


showing the effect of change of power factor with constant 


full load current, normal frecueney and normal voltage. 


110 volts. 10 amperes. 60 cycles. 

Cos 8. True Watts. Watts Recorded. % Recorded. 

1.0000 1100 1100 100.0 
9396 1032 1028 99.6 
-8660 954 946 99.3 
7660 44 834 98.7 
6428 707 695 98.3 
5735 631 618 98.0 


+5000 550 538 97.6 
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Westinghouse Meter 7 681372. 


Resistance of pressure COil ..cereceeeeeeeo 427 Ohms. 


" " 


series a er err eerie -0775 ohms. 


Data for the determination of the phase relation of 


the series and pressure fluxes. 


Volts 100 Amperes 5 Apparent Watts 500. 
Direction of Dynamometer True Watts Cos 8. 
Rotation of Reading. 

Dise. 

Porward 4 8 016 
: 5 10 020 
. 4.5 9 2018 

Backward 0 1 0002 
be 0 2 -0002 
bo | 2.5 0050 


Average cos © for forward rotation ..ccesseee-ee 2018 


" 5 # " ‘be eeeeneeveeeeeaeee 88° 58 ‘ 
. cos © " backward Weleda wa aio cee OOee 
te a bad . Mei eo@rereenv eee ee g9° 54 - 


Phase angle from quadrature for forward rotation 1° 2' 
. " = : " packward " 6° 
Average phase angle from yuadrature .e.ccecerceee 34' 


Phase angle between series and pressure fluxes .. 90° 34' 


.8 BOv 


afo. 
oso. 
BL. 
=< 9000, 


$000, 
0800. 


18a “8S 
6L00,. 


Ke "ad °e8 ee ee ee! 


aon avyo, 


eoeerwp eo eo ev eee vneese 


-008 atte taorsggA 


or er eer vee eee 


oe polzes ” e 


te motdslor easdig eit to mottsatmrsted ‘is ce 


-goxnlt otpecoig bac settee edt 
3 sotogmA OOL adLoV 


atts! enrT tod to moktoonid — 


-gathooel to mottsiol 
9 08kt 
8 b Srewrol 
OL a os 
@ 3.4 - 
ps 0 Stswilosk 
Og a age | ae ” 
3.8 . oo : 
BLO. cocccesccecse MOLtStot Htswret tot 9 200 sgct98VA 
" " n 6 ” 
" brewlosd “ 6 209 ail 
" n hn e° 


‘e °£ gotdstor biswiot tet exutstbssp mort ofans sesdl 


xe) 


biswioed ™ Ss, : " bs 


"BS cceccevceccee OtMISTESHyp mort olgas esadg sgstevaA 


"BS “OC .. aexult ossasomq bas eeliee aneowted olfgas eaatl 


power factor, normal voltage, and normal frequency. 


Curren 


1.00 
1.45 
1.88 
3.12 
4.15 
5.00 
6.20 
7.50 


Westinghouse Meter # 681572 


Run # 1. 


Data showing the effect of change of load with unity 


100 volts. 
t 


100 
140 
210 
314 


True Watts 


60 cycles. 


R 


6 
11 
18 
29 
56 
48 
61 
71 


Temperature 82 F 
- 3 Vatts I, 

Recorded Recorded 
98.3 73.3 73.5 
111. 419. 85.0 
111. 195. 92.8 
114. 306. 97.4 
105. 412 99.4 
114 505 101.0 
119 616 99.5 
116 755 100.0 


Ris the noe of revolutions made 


by the disc in 


m 
+ 


seconds. 
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Westinghouse Meter * 681372 
Run i 2 


Data showing the effect of change of load with unity 


power factor,110% voltage ,and normal frequency. 


110 volts 60 cycles Temperature 82 F 
Current ‘True Watts R T Watts fo 
Recorded Recorded 
290 100 7 - $9.2 77.8 77.8 
1.20 130 10 115.3 114.5 88.0 
2025 240 22 1132 253.0 94 : 
3.05 355 30 109.6 328 97.7 
4.05 444 40 109.3 440 99.2 
5-00 550 53 115 554 100.5 
6.40 700 67 115.3 697 99.5 
7.40 800 79 116.7 814 100 


Ris the no. of revolutions made by the dise in T seconds. 
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Westinghouse Meter #681572. 
Run # 3 


Data showing the effect of change of load with unity 


power factor,90% normal voltage,and normal frequency. 


90 volts 60 cyeles Temperature 82 F 
Current True Watts R t Watts ri 
Recorded Recorded 
1.00 90 7 119 70.5 78.4 
1.35 125 12 oe 121.0 84.0 
2250 210 19 116 196 9565 
3.45 315 28 110.5 302 96.5 
4.30 3595 56 110.3 372 99.35 
5.50 500 48 114 506 101.0 
6.60 595 50 105.4 570 99.3 
7.69 690 65 - 114 685 99.2 


R is the no. of revolutions made by the dise in T seconds. 
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Westinghouse Meter # 6813572. 


Run = 


4 


Data showing the effect of change of load with unity 


power factor, normal voltage, cond 25 cycles. 


100 valts 
Current True Vatts 
1.10 115 
2625 227 
$3.17 $15 
4.10 410 
5.20 520 
6.40 646 
7.60 760 


R is the no. of revolutions made by the disc in T seconds. 


25 cycles. 
R T 

7 86 
18 104.5 
27 104.5 
35 103. 
44 101.5 
55 102.5 
70 £20 .'5 


Temperatupe 82 F,. 


Watts 


Recorded 


97.7 
203.8 
310.0 
407.0 
520.0 
645.0 
760.0 


of. 


Recorded. 


85. 
94.8 
98.4 
99.2 
100.0 
100.0 
100.0 
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Westinghouse Meter # 681372. 


Run 7 5 


Data showing the effect of change of power factor 


with normel voltege, normal frequency, end 100 % load. 


100 volts. 5 amperes. 60 cyeles. Temperature 74 F 
Cos © True Vatts Rk T Watts fo 
Recorded Recorded. 

94 470 46 116.2 475 101. 

- 84 420 38 108.0 422 100.3 

- 76 380 58 100.5 582 100.5 
67 335 30 109.0 530 98.5 
-58 290 25 107.0 281.5 97.0 


R is the no. of revolutions made by the dise in T»seconds. 
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Westinghouse Meter 7 681372. 
# 6 
Data,calculated from the flux quadrature determination, 


showing the effect of change of power factor with constant 


full goad, normal voltage, and normal frequency. 


100 volts. 5amperes. 60 cycles. Temperature 
Cos 8 True Watts Watts Recorded % Recorded 
1.9000 500 500 100. 

9597 470 468 99.6 
-8660 433 431 99.4 
- 7660 383 380 99.3 

- 6428 322 318 99.0 


- 5000 250 245.8 98.35 
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Westinghouse Meter # 681372. 
Run # 7. 


Data showing the relation between the load and the % 
of true watts recorded with unity power factor, normal 


voltage, and a frequency of 120 cycles. 


110 volts. 120 eyeles. Temperature 70 F, 
Current True Yatts Rk. T. Watts 
Recorded. Recorded. 

1.15 125 10 105 114.2 92.5 
2.14 235 20 108 220 94.5 
3.45 380 28 89 378 99.4 
5.00 550 36 120.6 558 101.4 
6.50 715 57 95 720 102.0 


R is the no. of revolutions made by the disc in T se@onds. 
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Duncan Meter # 61666. 


Resistance of pressure coil ....secseceeee 2780. ohms. 


. " series r Sieatcsaletamiciacete -0575 ohms. 


Data for the determination of the phase relation of 


the series and pressure fluxes. 


Volts 110 Amperes 10 apparent Watts 1100. 
Direetion of Dynamometer frue Watts Cos 9. 
Rotation of Reading. 

Dise. 

Forward ~R4 42 +0382 
Ms -28 40 20564 
Ms - 26 44 .0400 

Backward #2 4 00364 
. +2 4 - 00364 
' + 2 4 00364 


average cos © for forward rotation Pees seowssee 20582 


ad 8 " " ™ eeereser ee evry 87° 49" 
be cos © " backward Md eocceccececs 200564 
™ 9 Ld id ba e@eeeeseeeees 90” 13’ 


Phase angle from quadrature for forwaba rotation 2° 11° 
bs " - "backward * 13" 


Average phase angle from quadrature ...ccccreee %& G9 


Phase difference between series and pressure fluxes \ §9', 
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Duncan Meter # 61666. 
Run j 1. 


Data showing the effect of change of load with unity 


power factor, 100 % normal voltage, and normal frequency. 


110 volts. 

Current True Watts. 
1.05 115 
3.50 385 
5.05 555 

88.50 935 
11.60 1262 
13.25 1465 
15.30 1690 


60 cycles. 

R T 

6 121 
24 124.5 
35 117. 
60 116. 
84 120. 
100 121. 
115 120.5 


Temperature 84 F, 


Watts 
Recorded 


89.5 
545. 
505. 
932. 

1260 
1490 
1720 


Recorded. 
98.0 
90.0 
91.0 
99.7 
99.9 

101.8 
102.0 


R is the no. of revolutions made by the disc in T seconds. 
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Duncan Meter ; 61666. 


Run { 


Data showing the effect of change of load with unity 


power factor, 91 % normal voltage, and normal frewuency. 


100 volts. 


Current 


1.54 
3.15 
4.90 
7.50 
9.70 
13.50 
15.60 


True Watts 


155 
316 
490 
750 
973 
13545 
1565 


60 oycles. 
R T 
8 120 
20 120 
50 113 
50 119 
70 127 
93 122.5 
108 122 


Temperature 84 F. 


Watts 


Recorded 


120 
300 
478 
757 
992 
1366 
1595 


Recorded. 


77.5 
95.0 
97.5 
101.0 
102.0 
101.5 
101.8 


R is the no. of revolutions made by the dise in T seconds. 
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Duncan Meter # 61666. 
Run 7 3. 


Data showing the effect of change of load with unity 


power factor, 109 % normal voltage, and normal frequency. 


120 volts. 60 eycles. Temperature 84 F 
Current True Watts R Tt Watts @ 
Recorded Recorded. 

1.20 145 7 110 115 79.0 
3.20 385 23 115 360 93.6 
5.00 600 36 112 578 96.3 
7.60 910 57 113 910 100.0 
9.40 1125 71 115 1111 99.0 
11.30 1366 95 124.5 1372 100.4 
13.60 1630 105 117 1615 99.2 
15.50 1880 123 119 1860 99.0 


R is the no. of revolutions made by the dise in T seconds. 
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Duncan Meter 7 61666. 
Run 7 4 


Data showing the effect of change of power factor with 


constant full load, 100 % normal voltage, and normal frequency. 


119 volts. 10.1 amperes. 60 cycles Temperature 84 F 
Cos.8. True Watts. R f Watts 
Recorded Recorded. 
965 1065 38 65 1052 99.0 
914 1005 35 63 1000 99.0 
- 858 952 355 64 928 99.6 
- 770 854 30 64 845 99.0 
-657 730 25 63.5 710 97.3 
-517 574 21 69 548 96.5 


R is the no. of revolutions made by the disc in T seconds. 
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Dunean Meter # 61666. 
Run # 5 


Data showing the effect of change of load with unity 


power factor, 100 % normal voltage, and 25 cycles. 


110 volts. 

Current. True Watts. 
5 apa I 120 
3.45 382 
5.20 570 
7.55 832 

10.22 1115 
22.76 1400 
14.95 1650 


25 eycles. 


R 


4 
12 
19 
27 
57 
47 
55 


T 


71 
60 
61.6 
60 
59.7 
60 
60.3 


Temperature 80 F. 


Watts 
Recorded Recorded. 
101.2 84.5 
360. 94.5 
556. 97.2 
811. ov.7 
1115. 100.0 
1410. 100.7 
1640 99.5 


R is the no. of revolutions made by the disc in T seconds. 
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Duncan Meter /# 61666. 
Run 7 6. 


Data showing the effect of change of load with unity 


power factor, normal voltage, and 120 cycles. 


110 volts. 120 eycles. Temperature 77 F. 
Current True Watts R T Watts 

Recorded. Recorded. 
a ie 120 6 114.5 94.5 78.6 
2e1 228 12 108. 200. 87.8 
3.75 422 24 107. 404. 95.8 
5.2 574 35 113. 558 97.3 
7.8 788 50 116. T77 98.6 
10.2 1125 71 117 1100. 97.0 
12.3 1350 86 118 1312. 97.2 
14.9 1640 101 116 1565. 95.5 


R is the no. of revolutions made by the dise in T seconds, 
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Dunean Meter 7 61666. 


Data caleulated from the flux phase determination 


showing the effect of change of power factor with 


normal frequency, normal voltage, and constant full 


load eurrent. 


Volts 110 

Cos 9 True Watts 
1.000 1100 
«966 1061 
«866 953 

- 766 844 
2656 723 
~500 550 


Amperes 10 


Watts Recorded 


1100 
1057 
944 
831 
708 


554 


Cyeles 60. 


% Reeorded. 


100.0 
99.6 
99.1 
98.5 
98.0 
97.2 
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Dunean Meter 7 74520. 


Resistance of pressure GOil ....cececceseeee 2295. Ohms. 


series ° e@oeeeveveneene 7282 0 @ -0875 ohms. 


Date for the determination of the phase relation of 


the series and pressure fluxes. 


Volts 110. Amperes 10. Apparent Watts 1100. 
Direction of Dynamometer True Watts Cos 98. 
Rotation of Reading. 

Dise. 

Forward — 13 24 20218 
-12 22 .0200 
: -12.5 295 -0209 

Backward +4 8 - 00726 
bi +4 8 00726 
+4 8 «00726 


Average cos 9 for forward rotation ......++seee- 20209 


\ a ¥ = bed @eeeeoeeeaeaeeneee¢ 88° 48 \ 
ad eos © " backward " adem ele wise GOEeo 
w 8 * " Wd e@eeeeeoeoeeeeeeee 960° 25" 


Phase angle from quadrature for forward rotation Le eine 
. : : " " packward " 25' 
Averege phase angle from quadrature ...+eeereeee 23.5' 


Phase angle between series and pressure fluxes . 23.5° 
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Dunean Meter # 74520 
Run # l 


Data showing the effect of change of load with unity 


power factor,100 % normal voltage, and normal frequency. 


110 volts. 60 cycles. Temperature 735 F. 
Current. True Watts  R, T Watts % 
Recorded Recorded. 

1.55 173 8 118.7 122 70.5 
5.00 528 20 128. 281 85.8 
5.20 573 35 118. 534 92.0 
7.95 875 57 121.2 848 96.8 
10.85 1195 79 121.5 1170 98.0 
13.25 1455 du 121.5 1435 98.5 
15.50 1700 113 120.8 1685 99.0 


R is the no. of revolutions made by the dise in T seconds. 
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Duncan Meter # 74520. 


Run 7 2. 


Data showing the effect of change of load withunity 


power factor, 109 % normal voltage, and normal frequency. 


120 volts. 
Current True Watts 
a Be 2) 130 
Sean 388 
4.85 585 
8.10 970 
10.50 1258 
43.10 1570 
15.50 1850 


Ris the no. of revolutions made by the 


60 


R 


cycles. 


T 


Temperature 73 F 


Watts 
Recorded 


98.5 
5235.0 
551. 
918. 

1225 
1550 
1830 


Recorded. 
77.0 
83.2 
90.5 
94.7 
97.4 
98.8 
99.0 


dise in T seconds. 
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Duncan Meter # 74520. 
Run # 3. 


Data showing the effect of change of load with unity 


power factor, 91% normal voltage, and normal frequency. 


100 volts. 60 cycles. Temperature 735 F. 
Current True Vatts R T Watts 

Recorded Recorded. 
1.35 140 6 123.7 87.3 62.3 
3.15 315 1? 113. 271. 86.0 
4.93 495 28 111.2 453. 91.5 
9.40 940 57 112. 916. 97.5 
11.50 1140 69 112. 1110 97.5 
13.00 1298 78 109.2 1286 99.0 
15.00 1510 90 108.5 1495 99.1 


R is the no. of revolutions made by the dise in T seconds. 


a 


7 
eee Soe 
.OSdat § retell neomnt 7 

8 i ani : 
7 


ytins dtiw beet to egmedo to vootte edd gaiwode stsl 


7 -Yoooupett Lemtom bus ,egstLov Ismsom «Le Todoet te GOT 


1 SY orsdsteqnet -seLloyo 05 -adLov OOL 


i 

a Ss atten T & atts” eT — dmorxsd 

.Sobt0esh bebioos! -_ i 

8.88 3.78 T.EaL 8 Ont abet 

0.38 £¥8 a 4 oe vl als BLE 
3.re cas S.ffL 8s gen Bek 

are sc ae SLL v2 one one 
ave OLsE SLI @9 ObLt 08.£f 

- 0.¢e asst 8.201 ey gest O0.8f 

ree gear @.80L og OL8L 00.8L 


- 


— 


.ebmooee T mi oeih aft yd obsm emoldslovet to .on add at 1 


' 


Dunean Meter # 74520. 
Run 74. 


Data showing the effect of change of load with unity 


power factor, 100 % normal voltage, and 25 cycles. 


110 volts. 25 cycles. Temperature 80.F. 
Current. True Watts. 8 b « Watts 
Recorded Recorded. 
p | 120 3 59 91.5 76.1 
3.15 345— a ba 62.8 315. 91.4 
5.75 628 20 60 600 97.0 
7.75 848 28 61.2 826 97.5 
10.15 1115 38 62. 1105 99.5 
12.90 1420 47 60.3 1405 99.0 
15.90 1650 55 60.5 1635 99.0 


R is the no. of revolutions made by the disc in T seconds. 
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Dunean Meter # 74520. 
Run # 5. 


Data. showing the effect of change of power factor 
with constant full load current, normal frequency, and 


normal voltage. 


110 volts. 10 amperes. 60 cycles. Temperature 75 F. 


Cos 6. True Watts Rk T Watts 
Recorded Recorded. 
1.000 1110 38 61.8 1125 100.5 
0945 1040 58 100.0 1045 100.5 
-880 970 65 120.5 970 100.0 
764 840 48 102.0 846 100.7 
710 780 46 104.0 790 101.0 
- 595 655 41 111.5 660 100.8 
517 570 32 100.0 576 101.0 


R is the no. of revolutions made by the dise in fT seconds. 


; 
.O82aY & totel msonnt 
84 eof 


7 


-_ 


ee es 
 totost tewog to eanads to toette edt gniwode ated ~ 7 


e 


7 7 7 - > és - 
: : hase ,Youespett [emton ,tmotxruo bsol Ifut tustenoco itiw 


a 


.ogatlov Lsmron 
0 ; a 


ss 


2 a¥ otuisreqmoT  .eefoyo 03 -29teqms OL — sagtov Off 


areas) etisii wi bai atte’ emt?  okaak” 
-bebtosei  hebtooeil iat 


| -8,00L amrs 8.£8 8S —OLLL 000.4 
8.00L 0.00 88 ObOL = aBee 
—-0,00L a.0sf a ore 088. 
“y.00L O.s0f 88 ose Ss 
0.£0L 0 O.n0f ab Bt forts: 
8.00L a.0ff £2 aaa aes, 


ui 


0.L0L | 0.00£ 88 via. 


»obmoosa F mt oath sit yd obsm anokinLovor to .om oft af 


Duncan Meter # 74520. 
# 6 


Data calculated from the flux phase determination 
showing the effect of change of power factor with 
normal frequency, normal voltage, and constant full 


load current. 


Volts 110 Amperes [0 Cycles 60 

Cos @. True Watts Watts Recorded. % Recorded 

1.900 1100 1100 100 
2966 1061 1062 100.1 

. 866 954 957 100.3 
+766 844 848 100.5 
.642 707 714 100.8 


+500 550 557 101.1 
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